The results also su ggest th a t th e esters are sim ilarly orien ted a t m e ta l and a t aqu eou s surfaces.
It is possible to explain these results by assuming th a t the polar body in the solution builds up, and is in equilibrium with, an adsorbed and oriented film on the surface. Smooth sliding occurs when a large proportion of the surface is covered with this film, but as the temperature rises the surface concentration of the adsorbed film decreases and the motion changes to stick-slips. If the transition occurs when the surface concentration decreases to a definite value which, for any one material, is independent of temperature, it is possible to deduce an equation relating the concentration in the solution with the transitioii temperature and the heat of adsorption. This equation is shown to hold for a large number of different polar compounds. The values for the heat of adsorption have thrown some fight on the mechanism by which the molecules are adsorbed, and on their orientation a t the surface.
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Consider an adsorbed film on the surface in equilibrium with a solution con taining the polar body, of which the film is composed, at a concentration C.
Let a fraction x of the surface be covered with this adsorbed film. Now the molecules of the polar body will build up the adsorbed film at a rate proportional to the concentration G, and to the fraction of the surface not occupied by adsorbed molecules, i.e. (1-#).
The rate at which the film builds up is therefore h\C{l-x), when kx i s constant at constant temperature. The molecules adsorbed on the surface will leave the surface and pass into the solution at a rate proportional to the fraction of the surface which they occupy.
The rate at which the film breaks down will therefore be k2x, when k2 is constant at constant temperature. When the film is in equilibrium with the solution the rate at which the film is being formed must equal the rate at which it is disintegrating. Therefore, at equilibrium when K is the equilibrium constant. The variation of K with temperature is given by the Van 't Hoff isochore d loge K _ U dT ~ 2 ' which on integration gives logg K = + integration constant,
KJ
where V is the heat of adsorption of the substance, from its state in the solution, on to the surface, R the gas constant and T the absolute temperature. This in tegration assumes that U is independent of T , which is probably justifiable over the small range of temperature investigated. Assuming that the transition from smooth sliding to stick-slips occurs when the surface concentration of the adsorbed and oriented film decreases to a definite value-i.e. at x -a-which for any one material is independent of temperature, we have JJ logc <7(1 _ aj= RT + integration constant> whence 2-3 log10 C= -+ constant,
where Tt is the value of the transition temperature on the absolute scale. A straight line should therefore be obtained on plotting log10 against \JTt, the slope of this line being -U/2'3R.
E x p e r i m e n t a l
The apparatus, technique and the mild steel contact and plate were the same as those used in the previous investigation.
Since log10 C is plotted against 1/Tt in testing the theory developed above, any quantity which is proportional to the number of molecules in unit volume of the solution may be used for C, without affecting the slope of the log10 line. In all the following results the concentration is expressed as % wt. of solution. Since the densities of the long-chain compounds are very similar to th at of white oil, and no appreciable change in volume occurs on solution, the error introduced in the slope of the log10 G-1/Tt line through using % wt. instead of wt. per unit volume is negligible.
Some of the more concentrated solutions deposited crystals at room temperature, but in all cases the solutions were stable at temperatures below their transition temperatures so th at it was possible to determine these values by taking care not to allow the plate to cool sufficiently for crystallization to occur.
The values of the transition temperature of each solution varied somewhat from one point of the surface to another, due to the difficulty of obtaining a surface of uniform activity. Each result given represents the mean of between ten and twenty determinations during the course of which the surface was cleaned and relapped several times.
In all cases the transition was reversible with temperature and, within the limit of experimental error, was independent of the number of times the solution was heated through the transition temperature. This shows th at none of these polar compounds attacked the surface chemically.
The effect of load
When an excess of oleic acid was used as lubricant it was found th at the coeffi cient of friction, in the region of smooth sliding below the transition temperature, increased with the load from 0*09 at | kg. reaching a limiting value of 0-16 at ca. 3 kg. When the surfaces were coated with a monolayer of, for example, ethyl stearate, the coefficient of friction remained constant at ca. 0*18 over the range of loads of £-■ 4 kg. This suggests th at in the case of oleic acid orientation extends beyond the primary layer, and th at the outer layers are able to carry some of the load. If the total load is sufficiently light an appreciable fraction of it is carried by these outer layers. W ith this apparatus it is necessary to use loads of 4 kg. or over in order to reduce, to negligible proportions, the load supported by the outer layers (Frewing 1942) . Further support for the view that the high limiting value of the coefficient of friction is due to this cause, and not to the contact ploughing a track in the plate, is afforded by an experiment in which a second run was made over the same track, using pure oleic acid as lubricant. This resulted in a slight, but definite, increase in the coefficient of friction due presumably to the roughening of the surface by the first run. The 'ploughing term ' proposed by Bowden & Tabor (1942) is therefore negligible under these conditions.
In order to ensure that conditions were those of true boundary lubrication, loads of 4 -4 | kg. were used in all the experiments. The values of the coefficient of friction in the region of smooth sliding below the transition temperature usually varied between 0-15 and 0*22 for each solution, the mean value in each case being ca. 0*18. This agrees with th at previously obtained with monolayers of polar compounds of the same chain length, and shows that conditions of true boundary lubrication were attained in these experiments with white oil solutions. Some experiments were made on solutions of octadecyl chloride using loads of 8 kg. to see whether the transition now occurred at a different value of 'a ', in which case the log10 G -1/Tt line would have been displaced. The value transition temperature are plotted against the concentration in figure 1. I t will be seen that the points for both loads lie on the same curve. In figure 2 the values of log10 C are plotted against 1 jTt. The values both for loads of 4 and 8 kg. lie on the same straight line. It might have been expected th at doubling the load would displace the log10 C -1 /Tt line, a higher surface concentration of adsorbed oriented molecules now being necessary to give smooth sliding-in other words, the transition would occur at a higher value of ' '. The hemispherical contact, however, will be plastically deformed under the load, the area of contact being proportional to the load (Bowden & Tabor 1939) . The average pressure over the area of contact will therefore be independent of the load. The transition would therefore occur at the same value of 'a ' irrespective of the load. This view is sup ported by the experimental result that the transition temperature is the same both with loads of 4 and 8 kg. over the range of concentration from 2 to 80 %. Increasing the load, however, will affect the response of the friction recorder, and it is possible 80 %wt co n c en tra tio n th a t this may influence the transition temperature. Lower values for the transition temperature of oleic acid were obtained when a system of lower frequency was employed, but the low values of the coefficient of friction below the transition temperature suggested th a t the conditions were not those of true boundary lubrication (Frewing 1942) . Hughes & Whittingham (1942) , who used a smaller apparatus of the type described by Bowden & Leben (1939) , with a steel contact on a cast iron plate, have also reported lower values for the transition temperatures of the fatty acids.
Octadecyl halides
The transition temperature-concentration curves for solutions of octadecyl chloride and octadecyl iodide are given in figure 1. The curve for solutions of octadecyl bromide might be expected to lie between those of the chloride and iodide, but a 77 % solution of this substance gave a transition temperature of only 20° C. I t was therefore not possible to determine the curve for the bromide.
The values of log10 C plotted against 1/T( are given in figure 2. Straight lines are obtained for both compounds. In the case of the chloride, where the con centrations investigated vary by a factor of 40, the agreement with the theory is particularly satisfactory. The values of U, the heat of adsorption of the molecules from their state in the solution, on to the mild steel surface, determined from the slopes of the lines are octadecyl chloride, 14,500 cal./g. mol.; octadecyl iodide, 7,500 cal./g. mol.
The value for the iodide must be regarded as approximate only, since it was not possible to examine this substance over a wide range of concentrations.
If the adsorption of the halides on to a steel surface is due to the interaction between the dipole of the carbon-halogen linkage and the surface, we should expect the chloride to be more strongly adsorbed than the iodide owing to the greater magnitude of the C-Cl dipole. The experimental values of the heat of adsorption support this view.
Fatty acids The log10 C -l/Tt lines for capric, myristic, stearic and oleic acids are shown in figure 3 .
The values of U determined from the slopes of the lines in figure 3 are capric acid, 12,500 cal./g. mol. ; stearic acid, 13,000 cal./g. mol. myristic acid, 13,000 cal./g. mol.; oleic acid, 13,500 cal./g. mol.
These values are, within the limits of experimental error, identical. The value of U is therefore determined by the nature of the polar end group, and is not appre ciably affected by the length of the hydrocarbon chain or whether-as in the case of oleic acid-a double bond is present at some distance from the end group. It is interesting to note that the concentration of stearic, myristic and capric acids required to give a common transition temperature are in the approximate eat of adsorption of long-chain compounds and their effect 275 proportion of 1:4:40 respectively, while the hydrocarbon chains of these acids contain 17, 13 and 9 carbon atoms respectively. Now the experimental evidence indicates that, in the region of smooth sliding, the surfaces are covered with oriented adsorbed monolayers of the long-chain polar bodies which enable the contact to slide over the surface at a steady value of the friction. When the surface concentration of this monolayer decreases to a certain value, the contact is able to stick to the surface and travel forward with it until the limiting value of the static friction is reached. A rapid slip then occurs under the restoring force of the recording system, and the process is repeated, stick-slips occurring. If the acids are assumed J. J. Frewing F igure 3. © capric a c id ; A m y ristic a c id ; 0 ste a ric a c id ; © oleic acid .
to be oriented vertically or at an approximately constant angle to the surface, it is possible that, on the average, the shorter the hydrocarbon chain the more closely the surfaces will be able to approach each oth er: the attraction between them will consequently be greater. I t is possible, therefore, th at a higher surface concentration of the shorter adsorbed and oriented molecules would be required to support the load, in which case the transition would occur a t a higher value of a when the lower fatty acids are employed. The concentration of a fatty acid required to give a certain transition temperature would therefore decrease with increasing chain length. As a result of hydrogen bonding the fatty acids exist, in the crystal lattice and m solution in non-polar solvents, as double molecules. The value of U determined from the slope of the log10 C-l/T( line will therefore be the heat evolved when 1 g.mol. of the double molecules is adsorbed giving 2 g.mol. of adsorbed single molecules:
This process may be represented by two stages:
where A is the heat of association, and
where Q is the heat of adsorption of the single molecules.
Hence it follows th at Q = ^U + A).
Taking the heat of association of the fatty acids as ca. 14,000 cal./g.mol. (see Herman 1940, for a review of the data), the heat of adsorption of the single mole cules of the fatty acids therefore becomes ca. 13,500 cal./g.mol.
a-substituted fatty acids
I t is well known that the introduction of a halogen atom into the a-position in a fatty acid increases the strength of the acid in aqueous solution. I t is possible th a t the tendency for the proton to split off from the a-substituted acid is greater than in the case of the unsubstituted acid, even in non-aqueous media. If the adsorbed film were formed by some chemical union between the acid and the metal, it might therefore be supposed th at the a-halogenated acid would form an adsorbed layer more readily than the simple acid. If the adsorbed film did result from a chemical reaction we should not expect the transition temperature to be in dependent of the number of times the surface was heated and cooled in contact with the solution. The heat of adsorption would also be higher for chemi-sorption than for dipole adsorption.
Solutions of a-bromo stearic acid and a-iodo stearic acid, however, gave their characteristic transition temperatures irrespective of the number of times they were heated in contact with the surface. Unfortunately it was not possible to prepare a pure specimen of a-chloro stearic acid, but a-hydroxy stearic acid which was made in the course of an attem pt to obtain the a-chloro derivative was examined.
The results for these three a-substituted acids are given in figure 4 . The results for stearic acid are included in figure 4 for comparison. The results for a-hydroxy stearic acid show excellent agreement with the theory down to the low concentra tion of 0*09 %.
The values of U for the a-substituted acids a re :
a-bromo stearic acid, 10,000 cal./g.mol.; a-iodo stearic acid, 10,000 cal./g.mol.; a-hydroxy stearic acid, 13,500 cal./g.mol.
The effect of these substituents in the a-position on the degree of association in white oil and on the heat of association is, unfortunately, not known, but it is evident that taking these factors into account the heat of adsorption of the a-halogenated acids will not be very different from th at of the fatty acids. This further supports the view that the adsorption is due to dipole interaction and not to a chemical process. Owing to the possibility of free rotation about single bonds, and the uncertainty of the orientation of the carboxyl group with respect to the surface it is not possible to estimate the effect of the introduction of another dipole on the resultant dipole moment resolved perpendicular to the surface.
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Stearic esters of normal alcohols
The results obtained with solutions of methyl, ethyl, n-butyl, w-hexyl and w-octadecyl stearates are given in figure 5 .
The values of U obtained from the slopes of the lines in figure 5 a re : methyl stearate, 8600 cal./g.mol.; ethyl stearate, 3900 cal./g.mol.; w-butyl stearate, 3200 cal./g.mol.; w-hexyl stearate, 6900 cal./g.mol.; w-octadecyl stearate, 4900 cal./g.mol.
Malkin (1931) has shown by X-ray measurements th at in the crystal lattice methyl stearate exists as double molecules, but ethyl stearate is present as single molecules. It is probable, therefore, th a t methyl stearate is associated in white oil, and that the esters of ethyl and higher alcohols are present in white oil solutions as single molecules. With the exception of methyl stearate, the above values of U may be taken as the heat of adsorption of single molecules on to the steel surface.
No information is available concerning the heat of association of the methyl esters, but this value is probably less than th a t of the acids so th at the heat of adsorption of single molecules of methyl stearate will not be very different from the value of U given above.
I t is interesting to note the effect of increasing the 4 alcohol ' chain on the value of the heat of adsorption. This is highest in the case of the methyl esters, and decreases to a minimum when the 'alcohol' chain contains four carbon atoms; it increases with further increases in the length of the 4 alcohol ' chain to six carbon atoms, and then gradually decreases again as the chain is further lengthened.
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A similar series of palmitic esters has been studied on aqueous surfaces by Adam (1929) , and by Alexander & Schulman (1937) . If the 'alcohol' chain contains four or fewer carbon atoms it is forced under the surface and vertically opposes the 'acid' chain in the condensed films. Whereas if the 'alcohol' chain contains more than four carbon atoms, the lateral adhesion between it and the ' acidic ' chain is sufficient to bend the molecule up into the form of a hairpin. Alexander & Schulman obtained additional evidence in support of these orientations from measurements of the rate of hydrolysis, and of the vertical component of the dipole moment of the molecules in the films. In the case of cetyl palmitate they showed th at the configuration in space of the polar group is so altered by the molecule being bent into the form of a hairpin, that the vertical component of the dipole moment is reduced to zero.
The values of U suggest that the stearic esters are similarly oriented a t the steel surface. In the case of methyl stearate, which has the smallest 'alcohol' radical attached to the -CO. O-group, the latter polar group would be able to approach most closely to the metal, which would account for the methyl ester having the greatest heat of adsorption. The larger ethyl and butyl radicals would hinder the close approach of the polar group to the surface, thus accounting for the low heats of adsorption of these esters. The rise in the heat of adsorption when the length of the ' alcohol ' chain is increased to six carbon atoms suggests that, as in the case of the films on aqueous surfaces, the lateral adhesion between 4he 'alcohol' and ' acidic ' chains is now bending the molecules into the form of a hairpin, bringing the polar group nearer to the surface again. If this were the case the heat of adsorption might not be as high as for the methyl ester since there might be some distortion of the polar group which would alter the component of its dipole moment resolved vertically to the surface. Also in taking up a position in which the least strain occurs, the orientation of the polar group with respect to the surface may be altered. Any reduction in the vertical component of the dipole moment due to these causes would be greater in the case of octadecyl stearate, in which the ' alcohol ' and ' acidic ' chains are almost equally long, which would account for the heat of adsorption of this substance being lower than th at of the hexyl ester.
Glycol
and glycerol stearates Adam (1929) has shown that when films of the glycol esters on aqueous surfaces are compressed, the molecules become bent into the form of a hairpin with the hydrocarbon chains tightly packed together. The glycerol esters behave similarly on aqueous surfaces (Adam 1922) . This must involve considerable strain in the molecule, since in the crystal lattice the glycerol esters exist as 'prong' shaped molecules, the middle hydrocarbon chain opposing the other two (Clarkson & Malkin 1934) . If glycol and glycerol stearates are similarly oriented at a steel surface it might be expected th at the heat of adsorption per -CO.O-group would be less for these esters than in the case of methyl stearate.
The results obtained for solutions of these esters are given in figure 6 . The values of the heats of adsorption are glycol distearate, 10,500 cal./g.mol.; glycerol tristearate, 7,800 cal./g.mol.
The heat of adsorption per -CO.O-group is therefore 5300 cal. for glycol distearate and 2600 cal. for glycerol tristearate, compared with 8600 cal. in the case of methyl stearate. These results suggest th a t the glycerol and glycol esters are similarly oriented at aqueous and metal surfaces.
Octadecyl acetate This ester differs from methyl stearate in having a long-chain ' alcohol ' radical and a sm all4 acid ' group. Since rotation is possible about single linkages it does not necessarily follow th at the resultant dipole moments of these two esters per pendicular to the surface will be very different due to this interchange of radicals. The results for solutions of octadecyl acetate are given in figure 6 . The heat of adsorption is 7500 cal./g.mol. compared with 8600 cal./g.mol. in the case of methyl stearate.
-nitro-octad'ecane
The results obtained for solutions of this substance are shown in figure 7 . The heat of adsorption is : 13,000 cal./g.mol., a high value which would be expected in view of the highly polar nitro group (Hunter & Partington 1933) .
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Octadecyl cyanide and thiocyanate
The results for solutions of these substances are also plotted in figure 7 . The heats of adsorption are octadecyl cyanide, 4300 cal./g.mol.; octadecyl thiocyanate, 4700 cal./g.mol.
These values are unexpectedly low in view of the high dipole moments: 3*9 x 10-18 e.s.u. for the -CN group and 3-6 x 10-18 e.s.u. for the -SCN group (Hunter & Partington 1932), compared with ca. 3-2 x 10~18 for the -N 0 2 group Vol. 182. A. Alexander 1941) show that the -CN group occupies a much greater volume than would be expected from the atoms composing it. It is possible, therefore, th at the negative charge on the nitrogen atom is unable to approach the metal surface closely enough for the attraction between this negative charge and the positive field of the metal to give rise to a strong adsorption. p a r a t i o n o f m a t e r i a l s 
P r e
Octadecyl alcohol
This material, from which all the derivatives of normal octadecane were pre pared, was obtained by reduction of ethyl stearate (from stearic acid m.p. 69° C) as described by Adam & Dyer (1925) . After recrystallization from ether it melted at 58° C.
Octadecyl chloride Octadecyl alcohol was warmed with an Excess of phosphorus pentachloride for 2 hr. on the water bath. The product was then poured into water and the octadecyl chloride extracted with 40/60 petroleum ether. The extract was washed with water and then shaken with concentrated sulphuric acid to convert any unchanged octadecyl alcohol into the sulphate, which was subsequently removed by shaking with a mixture of equal volumes of methyl alcohol and water. This mixture dis solves the sulphate, but not the chloride, and the presence of the methyl alcohol prevents the formation of troublesome emulsions. The petroleum ether solution was then dried over calcium chloride, the solvent removed and the residue distilled in vacuo. The fraction distilling between 180 and 190° C at 12 mm. was collected and redistilled. The product was a waxy substance melting sharply at 21° C.
Octadecyl bromide
This substance was prepared by passing dry hydrogen bromide into octadecyl alcohol at 110° C (cf. Organic s y n t h e s e s , 15, 24). After fraction melted at 28° C.
Octadecyl iodide
This material was prepared by the action of iodine on octadecyl alcohol in the presence of red phosphorus as described by Smith (1932) . I t was crystallized several times from a mixture of methyl alcohol and ethyl ether and melted a t 33° C.
a-bromostearic acid
Stearic acid (m.p. 69° C) was treated with an excess of bromine in the presence of red phosphorus as described by Hell & Sadomsky (1891) . After two crystalliza tions from 60/80 petroleum ether followed by four from benzene it melted sharply at 60° C. Hell & Sadomsky (1891) gave 60° C; and Le Sueur (1904) gave 60-61° C.
a-hydroxystearic acid a-bromostearic acid was hydrolysed by refluxing for 24 hr. with a slight excess of dilute aqueous potash as recommended by Le Sueur (1904) . After crystallization from ether followed by recrystallization from chloroform the product melted at 91° C. Le Sueur gave 91-92° C.
cc-chlorostearic acid
Since direct chlorination would almost certainly result in the introduction of more than one chlorine atom in the a-position and probably others further up the hydrocarbon chain, it was decided to attem pt the preparation of this substance from a-hydroxystearic acid. Several attem pts were made by treating this substance with phosphorus pentachloride under various conditions: none was successful.
a-iodostearic acid
This material was readily obtained by refluxing a-bromostearic acid with an excess of potassium iodide in alcohol (Ponzio 1904 (Ponzio , 1911 . After recrystallization from benzene it melted at 67° C. Ponzio gave 66° C.
Stearic esters of n-alcohols, glycol and glycerol
The preparation, purification and properties of these esters have been described in a previous communication (Frewing 1942) .
1-nitro octadecane
Freshly prepared and finely powdered dry silver nitrite was allowed to stand in contact with a solution of octadecyl iodide in 40/60 petroleum ether for 24 hr. After removal of the solvent the product was crystallized three times from methyl alcohol: it melted at 43*5° C.
Octadecyl cyanide
This substance was prepared by the action of alcoholic potassium cyanide on octadecyl iodide, as described by Levene & Taylor (1924) . The product was re crystallized from methyl alcohol, and from a mixture of methyl alcohol and ethyl ether: it melted at 42° C. Levene & Taylor gave 42-5-43-5° C.
Octadecyl thiocyanate
The method used by Wheeler & Merriam (1901) in the preparation of cetyl thiocyanate was employed. This consisted in refluxing octadecyl iodide with alcoholic potassium thiocyanate and yielded a product with a melting point of 27° C, which was unchanged by recrystallization from methyl alcohol.
D i s c u s s i o n
Although the pure long-chain compounds which have been investigated contain polar groups of widely different structure and chemical activity, the frictional behaviour of the solutions of all these compounds in the neighbourhood of the transition temperature is essentially the same. The motion is at first smooth and then, as the transition temperature is reached, changes to stick-slips which increase in size with further rise of temperature. On cooling, this process is reversed. The temperature at which the transition occurs is independent of the number of times the surface is heated and cooled, provided th at the temperature does not rise sufficiently to cause some chemical change-such as oxidation-in the oil or the solute. This general behaviour makes it very unlikely th at the polar body is ad sorbed by forming-as is sometimes supposed-a salt or other chemical compound with the steel surface.
The fact th at the values of the coefficient of friction are the same as those previously obtained for monolayers of some of these long-chain compounds (Frewing 1942) suggests th at the lubrication is under true boundary conditions and is effected by an adsorbed monolayer. I t must be emphasized th a t the steel surfaces used in this investigation were prepared in air, and were therefore covered with the usual thin oxide and moisture films. Bowden & Hughes (1938 showed that when metal surfaces were thoroughly outgassed in a high vacuum, a unimolecular adsorbed layer of caproic acid was not sufficient to reduce the coefficient of friction to the low values usually associated with boundary lubrica tion, and these low values were not attained until a comparatively thick layer had condensed on the metal surfaces. The presence of the thin oxide film evidently reduces the field of force of the metal atoms in the surface, enabling boundary lubrication to be effected by unimolecular adsorbed films of long-chain compounds. It is possible that, with really clean surfaces, such as those studied by Bowden & Hughes, the fatty acids may be adsorbed by some chemical mechanism, since the forces of the metal atoms will not be partially saturated by an oxide film.
The variation of the transition temperature with concentration for all the com pounds examined agrees well with the hypothesis th a t the adsorbed film is in equilibrium with the solution. When the plot of log10 C against did not give a straight line this discrepancy was traced to the presence of an impurity. For example, an old specimen of butyl stearate gave a curve which became steeper as the concentration decreased. This was due to the presence of a trace of free stearic acid resulting from slight hydrolysis of the ester. A freshly prepared specimen which was carefully purified to remove all trace of stearic acid gave the normal results recorded in figure 5 .
Further support for the view th at these long-chain compounds are adsorbed by the interaction of the dipoles in their polar groups with the metal atoms in the surface is afforded by the values of the heats of adsorption. Thus it is difficult to see how octadecyl chloride and 1-nitro octadecane could react chemically with the surface, yet their heats of adsorption are as high as th a t of the fatty acids. And octadecyl chloride, which has a greater dipole moment, has also a greater heat of adsorption than octadecyl iodide. The values for the a-substituted stearic acids and the esters give further support for this mechanism of adsorption.
Although a fairly large concentration is necessary, in many cases, if the polar body is to build up a sufficiently complete film for smooth sliding to occur a t temperatures such as would be obtained, even in the cooler parts of an engine, it does not necessarily follow th a t the addition of smaller amounts of these com pounds, to the lubricating oil, would not be beneficial. The greater part of lubrica tion in practice occurs under conditions of ' fluid ' or ' viscous ' lubrication, th a t is to say, by comparatively thick films which are maintained between the moving parts by hydrodynamic forces. Beeck, Givens & Smith (1940) have shown th a t the addition to white oil of 1 % of oleic acid enabled conditions of fluid lubrication to be attained, on their apparatus, at a lower critical speed, although the transition temperature of a solution of this concentration is below room temperature.
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